B. racemilac'ticus were tested at 37 "C, those received as B. globisporus, B. macquariensis, B. paciJicus, B. psychrophilus and B. psychrosaccharolyticus were kept at 20 "C.
Arginine dihydrolase assay. One loopful of each culture (24 to 48 h) was transferred into 0.5 ml of sterile 0.01 M L-arginine solution (pH 6.4), incubated for 3 h at 20 "C (room temperature) or 37 "C (stationary, in a waterbath), respectively, and centrifuged (15 min at 2600 g). Clear supernatant (2 1.1) was applied to 0.2 mm cellulose layers ('Avicel' cellulose, Merck AG, Darmstadt, Germany) and chromatograms run with n-butanol-acetonediethylamine-water (10: 10: 2 : 5) (Arx & Neher, 1963 ) as a solvent system. Each chromatogram included 2 1.1 samples of 0-01 M aqueous solutions of arginine, citrulline, ornithine and putrescine. Air-dried chromatograms were sprayed with a I yo ninhydrin solution in isopropanol. After heating the chromatograms (I min at 90 "C) all compounds mentioned gave purple spots. This method is essentially as described by Zolg & Ottow (1973) .
R E S U L T S A N D DISCUSSION
The average &values obtained were : arginine, 0.04, citrulline, 0. I 8, ornithine, 0-29 and putrescine, 0.77, enabling the amino acids and the amine to be clearly separated.
In Table I the distribution of the arginine dihydrolase system among the Bacillus species is listed according to the classification of the various species in one of the three morphological groups of Wolf & Barker (1968) . Within the positive strains, the majority produced both Short communication citrulline (the intermediate product) and ornithine (the end product). Only a few strains revealed ornithine or citrulline alone. These observations are ascribed respectively to (i) complete conversion of arginine to ornithine and (ii) incomplete hydrolysis, within the 3 h period. Strains that produced citrulline only were retested with the incubation time increased to 5 h. Under these conditions, all originally 'incomplete' strains (B. coaguZans ~~~2 0 1 3 , B. macerans C C M 2 O I 2 , B. sphaericus ccM1615 and B. subtilis I L M I~) showed both citrulline and ornithine, although with different intensities. Generally speaking, the positive strains of B. cereus, B. cereus var. nzycoides and B. thuringiensis revealed a weak dihydrolase activity,  whereas fair to good activity was recorded with B. brevis, B. licheniformis, B. Zaevolacticus,  B. megaterium, B. subtilis and B. sphaericus, if judged by the intensities of the spots. By far the most intense ornithine spot was observed with B. Zicheniformis 5025, suggesting a complete hydrolysis of arginine within the 3 h period.
Bacillus strains that did not metabolize arginine in the first experiments, were also reincubated for the extended incubation time. However, neither citrulline nor ornithine could be detected.
Putrescine, which may be produced from ornithine by decarboxylation (ornithine decarboxylase, EC. 4. I . I. 17), was never observed on the chromatograms of arginine dihydrolase-positive bacilli, in contrast to Pseudomonas species that revealed both ornithine and putrescine on chromatograms (Zolg & Ottow, I973) , suggesting the presence of both arginine dihydrolase and ornithine decarboxylase. Only in B. cereus var. mycaides JOIOO and ~0130, characterized by the production of brown and yellow exo-pigments respectively, purplebrown spots (R, = 0.56) were observed additionally on the chromatograms. These spots may have been the unknown pigments. From these results the following overall conclusions are drawn. Firstly, the arginine dihydrolase enzyme system is widely distributed in aerobic spore-formers; out of 169 different Bacillus strains, 126 (about 75 yo) were capable of catabolizing arginine. Secondly, this hydrolytic enzyme is not restricted to any of the three morphological groups within the genus Bacillus. Thirdly, with some species, all strains tested produced arginine dihydrolase or lacked this enzyme complex.
Among the species that had four (or more) strains tested only those belonging to B .  laevolacticus, B. megaterittm, B. pumilus, B. sphaericus and B . thuringiensis all gave positive tests. Most species showed both positive and negative strains. In fact, the absence rather than the presence of the ai-ginine dihydrolase system in certain species (B. Zentus, B. maquariensis, B. pacifcus, B. globisporus and B. psychrosaccharolyticus ) may prove to be of taxonomic value. However, a more comparative study is needed for the evaluation of the importance of this arginine dihydrolase test in the classification of the genus Bacillus. 
